Henoch-Schönlein purpura (HSP) is a common systemic small vessel vasculitis in children with disorder autoimmune responses. T follicular helper (TFH) cells play crucial roles in regulating immune responses. The aim of our study was to investigate the probable role of TFH cells in the pathogenesis of children with HSP. In this study, the frequency of circulating CXCR5 + CD4 + TFH cells with inducible costimulator (ICOS) expression in the children with acute HSP was significantly higher than that in healthy controls (HCs) but not CXCR5 + CD4 + TFH cells with programmed death-1 (PD-1) expression. Moreover, serum levels of IL-21 and IL-6 cytokines, IgA, and C3 in HSP children were also significantly higher than those in HCs. A positive correlation was observed between the frequencies of circulating ICOS + CXCR5 + CD4 + TFH cells and the serum IL-21 or IgA levels of acute HSP children, respectively. Additionally, the mRNA expression levels of interleukin-(IL-) 21, IL-6, and transcriptional factors (B-cell lymphoma-6, Bcl-6) were also significantly increased in peripheral blood from acute HSP children compared to HCs. Taken together, these findings suggest that TFH cells and associated molecules might play critical roles in the pathogenesis of HSP, which are possible therapeutic targets in HSP children.
Introduction
Henoch-Schönlein purpura (HSP), characterized by palpable purpura, gastrointestinal bleeding, arthritis or arthralgia, glomerulonephritis, and acute abdominal pain, is the most small vessel vasculitis in children [1, 2] . The annual incidence of HSP is approximately 1 per 5000 children aged ≤20 years, and it decreases with age, and more than 90% of children with HSP are below 10 years of age, and the peak incidence occurs at 4-6 years [3, 4] . HSP is a systemic inflammatory disease with disorder autoimmune response [1] . Several inflammatory cytokines such as interleukin-(IL-) 17, IL-10, IL-6, and transforming growth factor-(TGF-) elevated serum immunoglobulin A (IgA) concentration and small vascular deposition of IgA-related immune complexes are involved in the pathogenesis of HSP [5] [6] [7] . Additionally, IgAproducing B-cell and CD4
+ helper T (Th) cells as Th17, Th2, and Treg cells play critical roles in HSP [8] [9] [10] . However, the role of a new CD4
+ Th cell subtype named T follicular helper (TFH) cell closely associated with the production of IgA is completely unclear in the pathogenesis of children with HSP.
TFH cells are characterized by the expression of molecules such as chemokine (CXC motif) receptor 5 (CXCR5), inducible costimulator (ICOS), programmed death-1 (PD-1), interleukin-(IL-) 21 receptor (IL-21R), and transcriptional factors as Bcl-6 and so on [11] [12] [13] [14] . Additionally, High-level IL-21 secretion is a distinctive characteristic of TFH cell [15, 16] . TFH cells play [19, 20] .
According to these findings, we hypothesized that circulating TFH cells may play a critical role in regulating the production of IgA, IgG, and IgM antibodies which mediated the pathogenesis of children with acute HSP. Thus, we explored the role of circulating TFH cells in the pathogenesis of children with acute HSP. We found that the frequencies of circulating CXCR5 + TFH cells, respectively. Furthermore, the expression levels of IL-21, IL-6, and Bcl-6 mRNA in peripheral blood from children with acute HSP were notably higher than those in HCs. These findings suggest that expanded frequencies of circulating TFH cells might play an important role in the pathogenesis of acute HSP children.
Materials and Methods

Children Demographics.
Based on the modified criterion of Henoch-Schönlein purpura in 2008 [21] , the clinical and laboratory data of 22 children with acute HSP in the Kidney Disease Center and dermatological department and 12 HCs who were well matched for age and sex were enrolled at the First Affiliated Hospital, School of Medicine, Zhejiang University. All the acute HSP children did not have any other diseases during the recent 3 months. None of the HCs (none of their family members) had a history of vascular or autoimmune diseases. All the samples were obtained from the children with acute HSP. In addition, written informed consent was obtained from all individuals according to the Declaration of Helsinki (1964) , and the local Medical Ethics Committee of the First Affiliated Hospital, School of Medicine, Zhejiang University, approved the study. 
Cell Isolation and
RNA Extraction and Real-Time PCR.
To evaluate the mRNA expression levels of IL-6 and IL-21 genes, the total RNA of each sample in the PBMCs from the cases ( = 22) and HCs ( = 12) was extracted by TRIzol reagent (Invitrogen, Carlsbad, CA, USA). To analyze Bcl-6 mRNA expression, the total RNA of each sample in the CD4 + T cells from the cases ( = 10) and HCs ( = 8) was also extracted by TRIzol reagent. Next, cDNA was synthesized by a reverse transcription reagent kit (Takara, Dalian, China) in accordance with the manufacturer's protocol. Realtime PCR was used in triplicate by Takara SYBR Supermix (Takara, Dalian, China) depending on ABI 7500 analysis system (Applied Biosystems, Foster City, CA, USA). The amplification conditions were as follows: 5 min at 95 ∘ C for denaturation and then 40 cycles at 95 ∘ C for 10 s and 60 ∘ C for 40 s. The fluorescence values were collected at 60 ∘ C. The primer sequences were as follows [22] : Bcl-6: forward, 5 -CATGCAGAGATGTGCCTCCAC-A-3 ; reverse, 5 -TCAGAGAAGCGGCAGTCACACT-3 .
Each gene was standardized by the expression of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) with the following primers: forward, 5 -GTCTCCTCTGACTTCAAC-AGCG-3 ; reverse, 5 -ACCACCCTGTTGCTGTAGCCAA-3 .
The data were analyzed by ABI 7500 software (Applied Biosystems, Foster City, CA).
Statistical
Analysis. An overall variation among the different groups was analyzed by one-way ANOVA analysis. Data are presented as the means ± standard deviation (SD), and Student's unpaired or paired t-test was appropriately chosen between groups. Mann-Whitney test was performed between the two studied groups for nonparametric data. Correlations between variables were analyzed by Spearman's correlation coefficient. A value of < 0.05 was considered statistically significant. The data were analyzed by GraphPad Prism 5 software (GraphPad Software, Inc., San Diego, CA).
Results
Characteristics of Children with Acute HSP.
The clinical characteristics and laboratory parameters of the children with acute HSP and HCs are presented in Table 1 . A total of 22 children (mean age, 8.27 ± 2.57 years) with acute HSP and 12 healthy children (mean age, 8.08 ± 2.47 years) as controls were recruited in this study. All children (100%) had cutaneous palpable purpura lesions (Figures 1(a) and 1(b) ), 9 children (40.9%) had abdominal pain symptoms, 6 children (27.3%) and 1 children (4.5%) had gastrointestinal bleeding and renal involvement manifestations during the acute stage of HSP, respectively. Moreover, WBC count ( < 0.0001), serum IgA ( = 0.0081), and C3 ( = 0.0044) levels were significantly higher during the acute stage of HSP than the values in the HCs group. However, there were no significant differences about serum IgG ( = 0.1169), IgM ( = 0.6523), and C4 ( = 0.2628) levels between the children with acute HSP and HCs group (Table 1) .
Expanded Frequency of Circulating TFH Cells in
Children with Acute HSP. To investigate the potential role of circulating TFH cells in children during the acute HSP, the frequencies of circulating CXCR5 + CD4 + TFH cells, (Figure 2) . We analyzed CXCR5 + T cells gated on CD4 + T cells from human PBMCs to delimit circulating CXCR5 + CD4 + TFH cells in peripheral blood from the children with acute phage of HSP and HCs group (Figures 2(a)-2(d) (Figure 2(g) ). Additionally, a modest and positive correlation between the frequency of circulating ICOS + CXCR5 + CD4 + TFH cells and serum IgA levels was observed in the children with acute HSP, but no difference was found in HCs group (Figures 3(c) and 3(d) ). There was also no significant correlation between circulating CXCR5 + CD4 + TFH cells and serum IgA levels in the children with acute HSP and HCs group (Figures 3(a) and 3(b) ).
The Correlation between Serum Cytokine Levels and the Frequencies of Circulating TFH Cells in Children with
Acute HSP. In order to explore TFH cells closely, associated cytokines levels in serum, serum IL-21, and IL-6 concentrations were measured by ELISA in serum from the children with acute HSP and HCs group (Figure 4) . The serum IL-21 and IL-6 concentrations in children with acute HSP were significantly higher than those of HCs (Figures 4(a) and 4(b) ). Moreover, the frequencies of ICOS + CXCR5 + CD4 + TFH cells were positively correlated with the serum IL-21 concentrations but not with serum IL-6 concentrations in the children with acute HSP (Figures 4(d) and 4(f) ). Additionally, there were no correlation between the frequencies of ICOS + CXCR5 + CD4 + TFH cells and IL-21 or IL-6 levels in HCs (Figures 4(c) and 4(e) ). Furthermore, the frequencies of CXCR5 + CD4 + TFH cells or PD-1 + CXCR5 + CD4 + TFH cells were not significantly associated with serum IL-21 or IL-6 levels in the children with acute HSP or HCs (data no shown).
Expression of IL-21, IL-6
, and Bcl-6 mRNA in Acute HSP Children. Next, to further elucidate the role of TFH cells associated molecules, we detected the expressions of IL-21, IL-6, and Bcl-6 mRNA in HCs group and the patients with acute HSP (Figure 5 ). In this study, the results showed that the expression of IL-21, IL-6, and Bcl-6 mRNA in the children with acute HSP was higher than that of HCs, respectively (Figures 5(a)-5(c) ).
Discussion
In this study, we found that the frequencies of circulating CXCR5 + CD4 + TFH cells and ICOS + CXCR5 + CD4 + TFH cells in peripheral blood obtained from the children in the acute phage of HSP were significantly higher than those of HCs group, although the frequencies of circulating PD-1 + CXCR5 + CD4 + TFH cells was not significantly different between the children with acute HSP and HCs group. Moreover, the frequencies of circulating ICOS + CXCR5 + CD4 + TFH cells were positively associated with serum IL-21 or IgA levels in the children with acute HSP, respectively. Furthermore, serum concentrations of IL-21 and IL-6 cytokines, IgA, and C3 in the children with acute HSP were also significantly higher than those in HCs. Additionally, the expression levels of IL-21, IL-6, and Bcl-6 mRNA were also significantly increased in HSP children compared to HCs. In summary, these findings imply that ICOS + CXCR5 + CD4 + TFH cells and associated molecules may play crucial roles in the pathogenesis of children with acute HSP. It is well known that HSP, nonidiopathic thrombocytopenic purpura (ITP), is the most common small vasculitis mainly caused by IgA-dominant immune complexes in children [1, 4, 21] . Diagnosis of HSP is commonly dependent on various clinical characteristics, such as cutaneous palpable rash, gastrointestinal bleeding, and arthritis or arthralgia [21] . Additionally, laboratory parameters are helpful for diagnosis of HSP [23] . In present study, clinical features such as mean age, cutaneous palpable purpura lesions, and gastrointestinal bleeding symptoms were in accordance with diagnostic criteria [21] . Moreover, notably increased serum IgA and C3 levels implied that they might be helpful for the pathogenesis of acute HSP, which were also in accordance with previous reports [24, 25] .
Many studies have shown that the production of various immunoglobulins (Ig) such as IgA, IgM, and IgG is closely associated with TFH cells which play important roles in various autoimmune diseases such as ITP, rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and IgA nephropathy [22, [26] [27] [28] [29] . However, the role of TFH cells remains unclear in the pathogenesis of HSP. The CXCR5 molecule is required for TFH cells migration to B cells follicular areas in germinal center (GC) and for the formation of GC [11] [12] [13] . Upregulation of CXCR5 can enhance the chance of antigen-specific contact between TFH cells and B cells in draining lymphoid tissue [13, 30] . Current results showed that increased frequencies of circulating CXCR5 + CD4 + TFH cells in peripheral blood from the children during the acute phage of HSP might be correlated with the pathogenesis of HSP compared to HCs. Regrettably, CXCR5
+ CD4 + TFH cells were not detected in lymphoid tissues and/or spleen which were not obtained from children with HSP.
ICOS and PD-1 molecules are closely related with the function of CXCR5 + CD4 + TFH cells [31] [32] [33] [34] [35] . ICOS deficient in humans and mice are associated with reduction of CXCR5 + CD4 + TFH cells [31] . Moreover, ICOS/ICOS-L deficient mice cause remarkable reduction of antibody production and isotype switch and disturbed the formation of GC [31] [32] [33] . On the contrary, ICOS overexpression induces overproduction of CXCR5 + CD4 + TFH cells and causes exuberant GC responses and remarkably promotes antibody production with autoimmune disease in mice [13, 36] . PD-1 molecule is commonly considered to negatively regulate activated T cells, regulating function of B cells in GC [34, 35, 37] [15, 16, 39] . IL-21 cytokine is required for germinal center formation, TFH cell proliferation and function, Ig-secreting B cells, and antibody response [15, 16] . Moreover, IL-6 can induce IL-21 secretion and TFH cell generation [39] . Additionally, activated CXCR5 + CD4 + TFH cells with ICOS and/or PD-1 expression can secret abundant IL-21 cytokine by themselves, and the levels of both IL-21 and IL-6 cytokines are significantly related with the frequency of circulating CXCR5
+ CD4 + TFH cells with ICOS and/or PD-1 expression in some autoimmune diseases [17] [18] [19] [39] [40] [41] . In this study, there were significant differences about serum levels of IL-21 and IL-6 between HCs and the cases with acute HSP, which implied that they might play important roles in the pathogenesis of HSP disease. Moreover, increased serum IL-21 level is closely correlated with frequency of circulating ICOS + CXCR5 + CD4 + TFH cells in acute HSP children, which suggested that IL-21 plays predominant role in the generation and differentiation of TFH cells with ICOS molecule, which are consistent with previous study [39] [40] [41] [42] . Bcl-6 transcription factor is required for the generation and differentiation of TFH cells, and Bcl-6 expression is regulated by IL-6 and IL-21 cytokines [14, 18, 36, 39] . PCR analyses demonstrated that the increased expressions of IL-21, IL-6, and Bcl-6 mRNA in children with acute HSP were possible explanations for the increased number of circulating CXCR5 + CD4 + TFH cells and ICOS + CXCR5 + CD4 + TFH cells in these acute HSP children.
However, in our study, any positive or negative correlation between cytokine levels or serum Ig levels and frequencies of TFH cells with ICOS and PD-1 expression were not observed in HCs, indicating that the balance of internal environment based on the balance of various cells and cytokines such as T cells, B cells, IL-21, and IL-6 in vivo contributes to the health of the body. Once the harmonious proportions of cells and cytokines are severely destroyed by internal or external factors such as pathogens and autoantigens, disease would occur such as HSP.
In summary, the results had shown that the frequencies of circulating CXCR5 + CD4 + TFH cells and ICOS + CXCR5 + CD4 + TFH cells, expressions of TFH cell associated molecules such as IL-21, IL-6, and Bcl-6, and serum IgA and C3 concentrations were significantly increased in the children during the acute phage of HSP compared to HCs, which implied that expanding the frequencies of circulating CXCR5 + CD4 + TFH cells and ICOS + CXCR5 + CD4 + TFH cells with increased IL-21 and IL-6 production might contribute to the production of IgA. Therefore, TFH cells and associated important molecules might play an important role in the pathogenesis of children with acute HSP, which would be new therapeutic markers for HSP disease in the future.
